A random matrix theory approach is applied in order to analyze the localization properties of local spectral density for a generic system of coupled quantum states with strong imperfection in the unperturbed energy levels. The system is excited by an external periodic field, the temporal profile of which is close to monochromatic. The shape of the local spectral density is shown to be well described by the contour obtained from a relevant model of a periodically driven two-state system with irreversible losses to an external thermal bath. The shape width and the inverse participation ratio are determined as functions both of the Rabi frequency and of parameters specifying the localization effect for the generic system considered in the absence of an external field.
INTRODUCTION
The statistical properties of many-body quantum objects attract considerable attention in a broad range of areas of modern physics, including condensed matter physics and quantum optics. Of special interest are the properties specifying the temporal evolution of mesoscopic systems of quantum states coupled by interaction. Extensive investigations of many-body interacting systems (such as nuclei, many-electron atoms, quantum dots, quantum spin glasses, and quantum computers) have shown that the state-state interaction can be responsible for a quantum localization effect and the quantum chaos in conservative complex systems [1] [2] [3] [4] [5] [6] [7] [8] [9] . As in random matrix theory (RMT) [10, 11] , the level spacing statistics is well described by the Wigner-Dyson distribution and the individual basis states are spread over a large number of eigenstates. In a sense, the interaction leads to dynamic thermalization without coupling to an external thermal bath. At the same time, to our knowledge, there are no direct theoretical studies of mesoscopic systems driven by an external field.
Here, we apply an RMT approach in order to investigate the localization properties for a driven complex system of coupled quantum states. In this approach, a single matrix from a given statistical ensemble represents the Hamiltonian H for the typical (generic) dynamical system of a given class, characterized by a few matrix parameters. Our system is represented by a matrix that includes a leading diagonal with disordered random values and random off-diagonal elements inside a band with the half-width b . This band random matrix with a disordered diagonal (BRMDD) can be considered as a generic Hamiltonian model for systems 1 This article was submitted by the author in English. with strong imperfection in the unperturbed energy levels (such as, for instance, a qubit composition in a quantum computer [9] or the vibrational quasi-continuum of a polyatomic molecule [12, 13] ). The statistical properties of conservative BRMDD-based systems have been studied in detail [14] [15] [16] [17] [18] [19] [20] . The shape, localization length, and inverse participation ratio (IPR) for the eigenfunction have been investigated with the help of numerical simulations [14, 18, 19] and the supersymmetry approach [19, 20] . These investigations have exhibited a Lorentzian shape of the width Γ 0 for the local spectral density (LSD) of states under the circumstances when a nonperturbative localization regime is realized. The state-state interaction strength at which the eigenstates are extended over the whole matrix size N and the eigenenergy level spacing statistics has the Wigner-Dyson form has been revealed for BRMDDs with extremely large bands (when 2 b + 1 ӷ ) [17] [18] [19] [20] . The dependences of the localization length and the IPR of the LSD on the matrix parameters have been determined recently for BRMDDs with arbitrarily small bands [21] . A lack of ergodicity for the LSD is shown in [21] to be identified with an exponential increase in the IPR with the strength of the state-state interaction.
We will study the LSD of states for a generic BRMDD-based quantum system excited by an external periodic field, the temporal profile of which is close to monochromatic. The LSD was introduced in 1955 by Wigner [22, 23] and successfully employed in RMT to describe statistically the localization effects for complex quantum systems [10, 11] (including systems represented by band random matrices with reordered leading diagonals [24, 25] ). In our study, this quantity spec- ifies spreading of the energy, initially concentrated in an individual basis state | g 〉 , between the quasi-energies and gives the quasi-energy spectrum of | C ( ω ) | 2 , where C ( ω ) is the Fourier transform for the correlation
As for conservative systems [10, 11] , the shape of the LSD may be characterized in terms of the width Γ g measuring the quasi-energy scale in which the individual state | g 〉 is localized. The number of quasi-energies populating this scale is given by the ratio Γ g / ∆ ω = l g , designated here as a localization length of the LSD ( ∆ ω is the mean quasi-energy spacing). Hence, the quantity l g specifies the greatest possible number of quasi-energies where the basis state | g 〉 can be effectively admixed. The ergodic properties of the system can be identified by the structure of the LSD. A nonergodic LSD is a strongly fluctuating spiked function and the IPR ξ g , which gives the actual number of quasienergies involving the state | g 〉 , is low in comparison with l g . In the case of ergodicity, the LSD is monotonic and the number ξ g approaches the value of l g .
Here, we study the shape and ergodic features of the LSD and estimate the shape width Γ g and the IPR ξ g as functions of the strength of field-system interaction. The functions are analyzed in relation to relevant properties (the mean quasi-energy spacing ∆ , the width Γ 0 , the localization length l 0 , and the IPR ξ 0 ) specifying the localization effect for our BRMDD-based system in the absence of external field.
DESCRIPTION OF THE MODEL
We consider a generic system of quantum states, whose unperturbed energy levels are depicted in the inset of Fig. 1 . The system consists of a single state | g 〉 and N = 2 K + 1 states | k 〉 ( k = -K , …, K ). The states | k 〉 are coupled by an interaction. The total Hamiltonian of the system is considered as the sum Here, the operator H (0) describes the state-state interaction for the states | k 〉 . The time-dependent part H ( ω ) ( t ) specifies the field-system interaction. In the basis of unperturbed states, the Hamiltonian H (0) is represented in terms of a real symmetric matrix with statistically independent random elements where off-diagonal elements V nk = V kn specify the statestate interaction. The values of V nk are distributed uniformly in the interval [ -V , V ] with 〈 V nk 〉 = 0 and
The diagonal elements , corresponding to energy levels for the states | k 〉 , are uniformly distributed according to the Poisson statistics, with the mean spacing ∆ between adjacent levels:
for the state |0〉 is located at the midpoint of the interval [-K∆, K∆]: ≈ = 0. The state |g〉 is the lowest one. Note that, for the states |k〉, the operator H (0) is represented in terms of a BRMDD. Initially, the system is localized in the ground state |g〉. An external periodic field with the frequency ω f = 2π/T f stimulates transitions between this state and the nonperturbed basis state |0〉. The strength of fieldsystem interaction is specified in terms of the Rabi frequency Ω. Any coupling of |g〉 with the states |k〉 (excluding field-induced transitions between |g〉 and |0〉) is accepted to be negligible. The field is close to monochromatic. The temporal profile of the field is shown in Fig. 1 to be a piecewise function with the envelope sin(ω f t). For each of the pieces, the field is time-invariant and the field-system interaction can be represented in the basis of unperturbed states as Here, the operator D specifies the field-induced coupling between the states |g〉 and |0〉: D jn = δ j0 δ ng + δ jg δ n0 . The integer m gives the number of the interval of a piece. M is the total number of pieces covering the field-period interval T f . At a large M (in the limit M ∞), the shape of the field is sinusoidal. In such an approximation, the evolution operator U(T f ) can be determined as
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